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(57)Ab5tnict 

A fluidized bed combustion fui-nace having a 
constricted portion (12) at that part of the furnace 
which is immediatly above a fluidized bed (18). in 
which constricted pordon the flow rate of a combus- 
tion gas exceeds the terminal speed of the particles 
having an average diameter of a fluidizing medium; 
a plurality of steps secondary air supply ports (22) 
provided in the wall of the constricted portion; a 
ffc^>oaFd portion (13) formed on the constricted por* 
tion and having a cross section that causes the flow 
rate of a combustion gas to fail short of the terminal 
speed of the particles having an average diameter of 
the fluidizing medium; at least two combustion gas 
inlets (16a, i7a) of a combustion gas passages (16, 
which are formed at that part of the ceiling zone 
of the freeboard portion which is outside a plane of 
projection of the constriaed portion: and a conflu- 
ence chamber (25) provided at the outlet portions of 
the combustion gas passages, in which confluence 
chamber the combustion gas currents from the com- 
bostion gas passages collide with one another and 
join one another. 
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FLUIDIZED BED COMBUSTION FURNACE 

Background of the Invention 

1. Field of the Invention 

The present invention relates to a 
fluidized bed combustion furnace. More 
particularly, the present invention relates to a 
fluidized bed combustion furnace which is good 
to improve the mixture of second air and 
unburned gas from a fluidized bed, and protect a 
fluid substance from dispersing from a free 
board and further crash high temperature gases 
into each other in a confluent room and 
perfectly combust slight unburned gases such as 
CO and the like . 

2. Field of the Invention 

A fluidized bed combustion furnace 
requires a free board to again sink fluid 
substance, such as sand and the like, which is 
dispersed in a fluidized bed. This fluid 

substance is dispersed from the free board if a 
flow velocity of combustion gas raised through 
the free board is too fast. Thus, the flow 

velocity of the combustion gas in the free board 
is limited to about 2 m/s. Hence, the free 
board is typically configured such that its 
c r o s s - s e c t i o n a 1 area (horizontally sectional 
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area) is wider than a c r o s s - s e c t i o n a 1 area (a 
horizontally sectional area) of the fluidized bed. 

However, in a case of such configuration, 
the flow velocity of the combustion gas in the 
free board is slow. Thus, even if second air is 
supplied to the free board, this flow velocity 
causes the sufficient mixture of the unburned 
gas and the air to be difficult. As a result, a 
second combustion efficiency becomes low. So, 
various proposals with regard to an air 
supplying method in the free board have been 
proposed in order to promote the mixture of the 
unburned gas and the air. However, the actual 
situation is such that since the c r o s s - s e c t i o n a 1 
area of the free board is wide, its effect is not 
sufficiently provided. 

Also, a method of installing a throttling 
unit on an upper portion of a fluidized bed is 
proposed, for example, as disclosed in Japanese 

Laid O pen Ut.i,l Lty ^ Model Ap p 1 i c a t i o n 

(JP-A-Showa, 62-18510). However, if the 

throttled amount by the throttling unit is too 
large, the flow velocity of the fluid substance is 
1 to or faster than an end velocity of an 
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Thus, the 



average particle diameter particle, 
amount of the fluid substances dispersed from 
the free board becomes enormous, which thereby 
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requires a device for carrying out the return of 
the dispersed sands. 

Also, many dead spaces that do not 
ontribute to the combustion are brought about 
in a spread gap between the throttling units, 
which is caused by installing the throttling 
units in multiple stages, or the gap caused by 
the shape of the free board. This results in a 
problem that the air, which serves as the second 
air and the like and is blown into the furnace, 
is not effectively used. 

Thus, such a facility has a problem that it 
is necessary to reduce the throttled amount by 
the throttling unit or that the device for 
returning the dispersed sands is required. 

Also, there is a method of using an 
assistant burner to increase a temperature of 
the fluid substance such as the sand and the 
like, or a method of increasing the combustion 
amount to thereby make an air ratio lower, in 
the conventional fluidized bed combustion 
furnace. However, the assistance burner 

requires an assistant fuel, which is not 
economic. Also, the operation of the lower air 
ratio has a problem of an occurrence of 
unburned gas such as CO gas and NH3 gas. 

The present invention is accomplished in 
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view of the above mentioned problems. 
Therefore, an object of the present invention is 
to provide a fluidized combustion furnace, which 
makes a combustion gas flow velocity at a 
throttling unit equal to or faster than an end 
velocity (about 2 to 8 m/s) of an average 
particle diameter particle of a fluid substance 
in a fluidized bed, and effectively sinks 
dispersed fluid substances in a free board, and 
then minimizes the dispersion from the free 
board of the fluid substances, and also improves 
the mixture of unburned gas and second air, and 
further crashes high temperature combustion 
gases branched from the free board into each 
other in a confluent room and mixes them, and 
thereby enables slight unburned materials to be 
perfectly combusted, and does not require any 
assistant fuel to increase a temperature of the 
fluid substance in the fluidized bed and does not 
bring about any occurrence of unburned gas such 
as CO gas and NH3 gas. 

Summary of the Invention 

In order to attain the above-mentioned 
object, in the present invention, the fluidized 
bed combustion furnace is designed as follows. 

A throttling unit for provid ing a 
combustion gas flow velocity equal to or faster 
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than an end velocity of an average particle 
diameter particle of fluid substances is 
installed just above a fluidized bed, and a 
plurality of stages of second air supply ports 
are formed in the throttling unit, and a free 
board having a c r o s s ■ s e c t i o n a 1 area (a 
horizontal section) is placed on an upper portion 
thereof so as to provide a v e 1 o c i t y^ e q u a 1 to or 
slower than the end velocity of the average 
particle diameter particle of the fluid 
substances, and two or more combustion gas 
inlets for combustion gas paths are installed in 
portions except a vertical projection plane of 
the throttling unit to a ceiling of the free board, 
and a confluent room in which combustion gases 
from the combustion gas paths are crashed into 
and merged with each other is installed in 
outlets of the combustion paths. 

Also, third air supply ports to blow third 
air horizontally or downwardly are installed in 
the vicinities of the combustion gas paths and a 
lower side wall of the free board. 

Also, the second air supply port is 
installed so as to downwardly blow a second air. 

Also, the second air supply port installed 
in the throttling unit is installed at a 
predetermined angle with a tangential direction 
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of a furnace wall of a c r o s s - s e c t i o n (a horizontal 
section) of a furnace. 

Brief Description of Drawings 

Fig. lA is a longitudinally sectional view 
showing a schematic structure of a fluidized bed 
combustion furnace according to the present 
invention, and Fig. IB is an A-A sectional view 
of Fig. lA. Fig. 2A is a longitudinally 

sectional view showing a schematic structure of 
another fluidized bed combustion furnace 
according to the present invention, and Fig. 2B 
is a view showing a flow of second air in a 
throttling unit in Fig. lA. 

Description of the Preferred Embodiments 

An embodiment to embody the present 
invention will be described below with reference 
tothedrawings. 

Fig. lA is a longitudinal sectional view 
showing a schematic structure of a fluidized bed 
combustion furnace showing an embodiment of 
the present invention, and Fig. IB is an A-A 
sectional view of Fig. lA. 

As shown Figs. lA, IB, in the fluidized 
bed combustion furnace, a throttling unit 12 is 
installed just above a fluidized bed 11, and a 
free board 13 having a c r o s s ■ s e c t i o n a 1 area 
wider than a c r o s s • s e c t i o n a 1 area (a horizontally 
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sectional area) of the throttling unit 12 is 
installed just above the throttling unit 12. 
Also, a ceiling 15 having an area wider than the 
c r o s s • s e c t i o n of the throttling unit 12 is 
installed, on the uppermost portion of this free 
b o a r d 1 3 . 

Combustion gas inlets 16a, 17a for 
combustion gas paths 16, 17 are symmetrically 
installed on the portions except the projection 
plane of the throttling unit 12 of the ceiling 15 

of this free board 13. OUi jLl e t_s o±- t h e if 

combustion gas paths 16, 17 are opened in a 
confluent room 25. Moreover, the confluent 

room 25 is linked to an exhaust gas outlet 26. 

A piping 19 for sending the fluidized air 
for fluidizing the sand serving as a fluid 
substance of a fluidized bed 18, namely, the 
first air, an air room 20 and a dispersion plate 
21 and the like are installed in a lower portion 
of the fluidized bed 11. Also, a plurality of 
second air supply ports 22 (two stages in Fig. 
lA) for horizontally blowing and supplying the 
second air are formed in a furnace wall 14 of the 
throttling unit 12. A plurality of third air 
supply ports 2 3, 2 3' (respectively two in Fig. 
lA) for supplying the third air downwardly or 
horizontally are formed in the vicinities of the 
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combustion gas inlets 16a, 17a of the combustion 
gas paths 16, 17 of the ceiling 15 of the free 
board 13 and a lower side wall of the free board 
13. 

By the way, 24 in Fig. lA denotes a 
combustion material supply port to supply 
combustion materials such as coal and the like. 

The first air is supplied from the piping 
19 to the air room 20, and supplied from a lower 
portion of the fluidized bed 18 through the 
dispersion plate 2 1. Although the second air 
is supplied from the second air supply ports 22 
formed in the furnace wall 14 of the throttling 
unit 12, the c r o s s - s e c t i o n (the horizontal 
section) of the throttling unit 12 is narrow, and 
the combustion gas flow velocity becomes equal 
to or faster than an end velocity (about 2 to 8 
m/s) of an average particle diameter particle of 
the sand. Thus, the effect of the mixture of 
the unburned gas and the second air is promoted. 
The particle diameter of the sand in the 
fluidized bed 18 is about 0.2 mm to 0.8 mm, and 
the second air supply port 22 is formed so as to 
be separated by a proper height from a bed 
plane (an upper plane of a sand layer) of the 
fluidized bed 18. That is, if the second air 
supply ports 22 are too close to the bed plane of 
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the fluidized bed 18, the sands blown up from 
the bed plane are all moved to the free board 13. 
Also, if they are too far away from the bed plane 
of the fluidized bed 18, flame is separated from 
the bed plane (the upper plane of the sand 
layer) of the fluidized bed 18, and the unburned 
gas is increased. Thus, the height of the 

second air supply port 22 from the bed plane of 
the fluidized bed 18 is desired to be about 1 to 5 
m m . 

By the way, even in this case, a part of 
the sands is blown up to the second air supply 
port 22 of the throttling unit 12. Most of them 
exceed the end velocity, and they are blown up 
to the free board 13. On the other hand, in a 
case of one outlet for the c o m b u s t i o n g a s of the 
free board 13, the combustion gas blown up from 
the throttling unit 12 is raised while the dead 
space is formed in the portion except the 
projection plane of the throttling unit 12 in the 
c r o s s - s e c t i o n (the horizontal section) of the free 
board 13. As if the c r o s s * s e c t i o n narrower 

than the c r o s s - s e c t i o n of the designed free board 
is used as the combustion gas path, the actual 
combustion gas flow velocity is faster than the 
designed combustion gas flow velocity, which 
results in a problem that it is impossible to 
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reserve a stay time required to combust the 
unburned gas and a problem that the fast flow 
velocity causes the sand arriving at the free 
board to be dispersed from the furnace. 

On the contrary, as described in this 
embodiment, if the combustion gas inlets 16a, 
17a for the combustion gas paths 16, 17 are 
symmetrically installed on the end portions 
except the projection plane of the throttling 
unit V2 of the ceiling 15 of this free board 13, 
the combustion gas within the free board 13 is 
branched right and left in the vicinity of the 
ceiling 15. That is, it becomes two 

symmetrical circular flows composed of an 
upward flow and a downward flow when they are 
viewed from the longitudinally sectional 
direction of the furnace (refer to circular flows 
B, C of Fig. lA). Thus, the dead space in 
which the unburned gas does not flow through 
the free board 13 can be removed to thereby 
reserve the stay time required to combust the 
unburned gas. 

Also, if the outlet for the combustion gas 
is located at the upper center of the free board 
13, the sand blown up to the throttling unit 12 
is ridden on the flow of the combustion gas and 
sent out from the furnace. However, the 
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above-mentioned configuration causes most of 
the sands, which are blown up and raised, to be 
crashed into the ceiling 15 of the free board 13 
and dropped. Thus, it is possible to reduce the 
outflow of the sands from the furnace. 

Also, most of the sands blown up from the 
throttling unit 12 are slowed down in the free 
board 13, and the sand layer of a high 
temperature is formed in the lower portion of 
the free board 13. Moreover, they are sunk on 
the bed plane (the upper plane of the sand 
layer) of the fluidized bed 18 along the inner 
wall of the throttling unit 12. Since the 

unburned gas is passed through this sand layer, 
the reaction is promoted. 

The third air is supplied downwardly 
through a third air supply port 23 from the 
vicinities of the combustion gas inlets 16a, 17a 
for the combustion gas paths 16,17 of the ceiling 
15 of the free board 13. Thus, the combustion 
gas downwardly flows, which results in the 
generation of the circulation of the combustion 
gas within the free board 13. The third air 
may be further added horizontally or 
downwardly through the third air supply port 23 
from the lower side wall of the free board 13. 
Moreover, the action of the downward flow of 



this circulation flow protects the sands from 
being dispersed to the combustion gas paths 16, 
17 from the combustion gas inlets 16a, 17a. 

Also, the high temperature combustion 
gases flowing into the combustion gas paths 16, 
17 from the combustion gas inlets 16a, 17a 
symmetrically formed on both of the ends of the 
ceiling 15 are sent into the confluent room 25 
through the symmetrically formed combustion 
gas paths 16, 17 having the c r o s s - s e c t i o n s in 
which the flow velocities are between 10 m/s and 
20 m/s, and are oppositely crashed into each 
other at the substantially same flow rates 
within the confluent room 25, and mixed with 
each other. Thus, the combustion of the 

unburned components remaining in the 
combustion gas is further promoted in the 
confluent room 25. 

Fig. 2A is a longitudinally sectional view 
showing the schematic structure of another 
fluidized bed combustion furnace according to 
the present invention, and Fig. 2B is a view 
showing a flow of second air in a throttling unit 
in Fig. 2A. In Figs. 2A, 2B, the portions 

having the same symbols as those of Figs. lA, 
IB indicate the same or corresponding portions. 
As shown in Figs. 2A, 2B, in this embodiment, 
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the second air supply ports 22 formed in the 
furnace wall 14 of the throttling unit 12 are 
placed such that the number of the stages is two, 
the second air flow is downwardly supplied, and 
the supplied second air is further circulated 
within the throttling unit 12 as shown in Fig. 
2B. That is, the second air supply ports 22 are 
downwardly formed at a predetermined angle 
with a tangential direction of the furnace wall 
14 on the c r o s s - s e c t i o n of the furnace. 

In the fluidized bed combustion furnace 
having the above-mentioned structure, when the 
temperature of the sand in the fluidized bed 18 
is desired to be increased, the second air is 
downwardly blown from the second air supply 
port 22 of the first stage. Then, flame is 

generated near the bed plane (the upper plane of 
the sand layer) of the fluidized bed 18 to 
thereby increase the temperature of the sand. 
Also, the second air from the second air supply 
port 22 of the second stage is normally blown. 

By the way, the second air supply ports 22 
may be formed at three stages or more. 

Also, for example, the exhaust gas from 
the exhaust gas outlet 26 may be again 
circulated as the second air and the third air. 

Since the fluidized bed combustion furnace 



is configured as mentioned above, it is not 
necessary to use the assistant burner in order 
to increase the temperature of the sand serving 
as the fluid substance, or it is not necessary to 
increase the combustion amount to thereby make 
the air ratio lower. Thus, any assistant fuel 
is not needed. Moreover, there is no 

occurrence of the unburned gas such as CO gas 
and NH3 gas. 

As mentioned above, according to the 
present invention, the excellent effect can be 
obtained as follows. 

The combustion gas flow velocity in the 
throttling unit 12 becomes fast (equal to or 
faster than the end velocity of the average 
particle diameter particle of the fluid 
substance), and the mixture of the unburned gas 
and the second air is promoted. 

Also, the fluid substance from the 
fluidized bed 18 is blown up and raised through 
the free board 13. However the free board 13 
is designed such that its c r o s s - s e c t i o n a 1 area 
(the horizontally sectional area) is wider than 
the horizontally sectional area of the throttling 
unit 12, and it becomes the gas flow velocity 
equal to or less than the end velocity of the 
fluid substance. Moreover, the ceiling 15 is 



14 



located on the uppermost portion thereof, and 
the combustion gas inlets of the two or more 
combustion gas paths (in the embodiment, the 
combustion gas inlets 16a, 17a for the two 
combustion gas paths 16, 17 on the right and 
left sides) are symmetrically installed on the 
ceiling 15 except the projection plane of the 
throttling unit 12. Thus, the raised 

combustion gas and the fluid substance are 
crashed into this ceiling 15, and the unburned 
gas is branched into each of the symmetrically 
arranged combustion gas paths. At this time, 
the fluid substance in company with the 
combustion gas is crashed into the ceiling 15, 
and separated from the raised unburned gas. 
Hence, the fluid substance is protected from 
being dispersed from the free board 13. 

Also, the two or more combustion gas 
paths 16, 17 are symmetrically arranged in the 
portions except the projection plane of the 
throttling unit 12 of the ceiling 15. Moreover, 
the third air supply ports 23 are downwardly or 
horizontally installed in the vicinities of the 
respective combustion gas paths 16, 17 and the 
lower side wall of the free board. Thus, the 
third air is not horizontally blown, and it is 
blown at the certain angle with the flow of the 



combustion gas. Thus, the combustion gas 

becomes positively at the turbulent flow state, 
and generates the two symmetrical large 
circulation flow composed of the upward flow 
and the downward flow when they are viewed 
from the longitudinally sectional direction of 
the furnace. Hence, the sufficient stay time of 
the combustion gas is reserved in the entire free 
board 13 without any occurrence of the dead 
space in the free board 13. After that, the 
combustion gases are exhausted from the 
combustion gas paths 16, 17, and merged with 
each other in the c o n f 1 u e n t r o o m 25 of the upper 
portion thereof, and crashed into each other. 
Hence, the slight unburned gas remaining in the 
combustion gas is perfectly combusted in the 
confluent room 25, and the perfectly combusted 
combustion gas is exhausted from the exhaust 
gas outlet 26 to an external portion. 

The above-mentioned effect enables the 
average flow velocity of the combustion gas 
passed through the c r o s s - s e c t i o n of the free 
board 13 to be kept at the flow velocity equal to 
or slower than the end velocity of the fluid 
substance, and it can also provide the fluidized 
bed combustion furnace having the excellent 
combustion efficiency. 
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On the other hand, as for the fluid 
substances blown up together with the 
combustion gas raised through the free board 13, 
most of them are separated and sunk because of 
the reduction in the gas flow velocity in the free 
board 13. However a part of the fluid 

substances in company with the combustion gas 
is crashed into the ceiling 15, and separated. 
Again, the action of the downward flow of the 
circulation flow causes it to be effectively sunk 
in the lower portion of the free board 13. Also, 
as shown in Fig. 2A, when the second air supply 
port 22 to downwardly blow the second air is 
formed in the throttling unit 12, if the 
temperature of the fluid substance of the 
fluidized bed 18 is desired to be increased, the 
frame is reversely blown onto the bed plane (the 
upper plane of the sand layer) of the fluidized 
bed 18 without being ridden on the flow of the 
combustion gas and blown upwardly. Thus, it 
is not necessary to use the conventional 
assistant burner, or to increase the combustion 
amount to thereby make the air ratio lower. 

Also, since the second air supply port 22 
is arranged at the predetermined angle with the 
tangential direction of the cross-section (the 
horizontal section) of the throttling unit 12, as 



shown in Fig. 2B, the above-mentioned effect is 
further promoted.. 

Advantageous Effects of the Invention 
As mentioned above, the fluidized bed 
combustion furnace, according to the present 
invention is designed such that the throttling 

unit fo^ p r o V i din_gt h e combustion gas flow 

velocit^ equal to or faster than the end velocity 
of the particle of the average particle diameter 
of the fluid substances is installed just above 
the fluidized bed, and the plurality of stages of 
second air supply ports are formed in the 
throttling unit, and the free board having the 
cross-sectional area is placed on the upper 
portion thereof so as to provide _t^he velocity 
equal to or slower than the end velocity of the 
average particle diameter particle of the fluid 
substances, and the two or more combustion gas 
inlets for the combustion gas paths are installed 
in the portion except the projection plane of the 
throttling unit of the ceiling of the free board, 
nd the confluent room in which the combustion 
gases from the combustion gas paths are crashed 
into and merged with each other is installed in 
the outlet of the combustion path. Thus, the 
average flow velocity of the combustion gases 
passed through the c r o s s - s e c t i o n of the free 
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board can be kept at the flow velocity equal to 
or slower than the end velocity of the fluid 
substance. Hence, it is possible to sufficiently 
reserve the stay time in the free board of the 
combustion gas. Moreover, the slight unburned 
gas in the combustion gas can be combusted in 
the above-mentioned confluent room. 

Therefore, it is possible to provide the fluidized 
bed combustion furnace having the excellent 
combustion efficiency. 
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What is claimed is- 

1. A fluidized bed combustion furnace 

characterized in that a throttling unit for 
providing a combustion gas flow velocity equal 
to or faster than an end velocity of an average 
particle diameter particle of fluid substances is 
installed just above a fluidized bed, and a 
plurality of stages of second air supply ports 
are formed in the throttling unit, and a free 
board having a c r o s s - s e c t i o n a 1 area is placed on 
an upper portion thereof so as to p r o e a 
velocity equal to or slower than the end velocity 
of the average particle diameter particle of the 
fluid substances, and two or more combustion 
gas inlets for combustion gas paths are installed 
in portions except a vertical projection plane of 
said throttling unit to a ceiling of the free 
board. 

2. A fluidized bed combustion furnace 
according to claim 1, characterized in that third 
air supply ports are formed horizontally or 
downwardly in the vicinities of said combustion 
gas paths and a lower side wall of the free 
board. 

3. A fluidized bed combustion furnace 
according to claim 1 or 2, characterized in that 
said second air supply port is formed so as to 
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downwardly blow a second air. 

4. A fluidized bed combustion furnace 
according to claim 1 or 2 or 3, characterized in 
that the second air supply port formed in said 
throttling unit is formed at a predetermined 
angle with a tangential direction of a furnace 
wall of a c r o s s ■ s e c t i o n of a furnace. 

5. A fluidized bed combustion furnace 
according to claim 1 or 2 or 3 or 4, 
characterized in that a confluent room in which 
high temperature gases passed through the 
combustion gas paths are crashed into each 
other is installed in outlets o f s plurality of 
combustion gas paths. V? 
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